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1 . INTRODUCTION 


1.1  Background 

1.1.1  General.  The  current  trend  toward  use  of  more  and  more 
sophisticated  electronic  systems  in  critical  airborne  applications 
has  caused  a heightened  awareness  of  the  threat  represented  by  light- 
ning strikes  to  aircraft  carrying  such  systems.  It  has  long  been 
known  that  voltage  transients  are  produced  within  aircraft  electrical 
wiring  when  the  vehicle  is  struck  by  lightning,  but  in  the  past  these 
effects  have  resulted  in  relatively  minor  damage  to  critical  systems 
onboard. 

Now  that  the  electronics  systems  contain  primarily  solid-state 
devices  rather  than  vacuum  tubes,  the  tolerance  of  these  systems  to 
transients  has  been  greatly  reduced.  Coupled  with  the  advent  of 
mission-critical  and  flight-critical  electronic  systems,  this  problem 
takes  on  major  proportions. 

1.1.2  Fiber  Optics.  One  of  the  major  protection  schemes  for 
electrical  systems  receiving  great  interest  now  is  that  of  replacing 
electrical  wiring  with  fiber  optics  data  links  wherever  possible  to 
reduce  or  eliminate  lightning  and  electromagnetic  pulse  (EMP)  suscep- 
tibility. To  date,  systems  have  been  built  (the  Navy  A- 7 ALOFT  pro- 
ject is  one)  to  demonstrate  that  a major  subsystem  can  be  designed  to 
operate  with  fiber  optics  data  links,  but  the  quantitative  gain  in 
lightning  and  EMP  survivability  provided  by  the  use  of  fiber  optics 
over  conventional  wiring  has  not  yet  been  shown.  This  test  program 
seeks  to  do  just  that. 
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1.1.3  Lightning  Energy  Coupling.  The  transient  voltages  and 

currents  experienced  by  aircraft  avionics  systems  due  to  the  flow 
of  lightning  current  through  the  aircraft's  skin  and  structure  can 
be  considered  to  be  coupled  into  the  avionics  by  three  different 
mechanisms:  (1)  Electromagnetic  induction  into  the  power  supply 

wiring  within  the  aircraft,  (2)  Electromagnetic  induction  into  the 
low-level  signal  wiring  within  the  aircraft,  and  (3)  Electromagnetic 
induction  directly  into  the  device  or  subsystem.  Little  information 
has  been  available  to  date  on  the  relative  importance  of  these  three 
mechanisms;  this  test  program  also  seeks  to  illuminate  this  area. 

1.1.4  Transient  Analysis  Testing.  The  method  currently  in  use 
for  determining  the  amplitudes  and  character  of  induced  transients 
on  aircraft  is  the  Transient  Analysis  Test.^^  This  test  applies  a 
current  pulse  (similar  to  lightning  in  waveshape,  but  much  lower  in 
peak  current)  to  the  aircraft  under  test,  while  circuits  of  interest 
are  monitored  to  record  the  transients  that  are  induced.  This  proce- 
dure was  used  in  this  program. 

1 . 2 A- 7 ALOFT  Navigation  and  Weapons  Delivery  System 

The  / 'LOFT  (Airborne  Light  Optical  Fiber  Technology)  navigation 
and  weapons  delivery  system  (NWDS)  provides  a very  useful  testbed  for 
investigating  the  effectiveness  of  fiber  optics  in  reducing  the  light- 
ning and  EMP  susceptibility  of  advanced  electronic  subsystems.  The 
ALOFT  NWDS,  which  consists  of  a central  Navigation  and  Weapons  Delivery 

^Walko,  L.C.,  "A  Test  Technique  for  Measurement  of  Lightning- 
Induced  Voltages  in  Aircraft  Electrical  Circuitry."  Technical 
Report  NASA  CR-2348,  February  1974. 
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Computer  (NWDC)  and  several  peripheral  units,  has  been  modified  to 

permit  operation  of  the  system  in  either  the  conventional  hard-wire 

configuration  or  a fiber  optics  configuration,  where  the  data  cables 

(2) 

are  replaced  by  multiplexed  fiber  optics  data  links.  Although 
external  adapter  units  were  used  to  interface  the  existing  peripherals 
to  the  fiber  optics,  the  NWDC  itself  was  extensively  redesigned  to 
accept  the  fiber  optics  through  special  connectors  while  maintaining 
the  unit's  shielding  integrity. 

This  is  important  because  the  NWDC  is  therefore  representative 
of  a component  that  might  be  used  in  any  other  fiber  optics  system, 
and  the  change  in  susceptibility  of  this  component  to  the  lightning 
induced  transients  between  the  wire  and  the  fiber  optics  configura- 
tions will  show  the  advantage  gained  by  use  of  fiber  optics  — and 
this  with  general  applicability  to  other  systems,  not  just  the  A-7 
ALOFT  aircraft. 

It  should  also  be  noted  that  the  hard--wire  signal  cabling  in  the 
A-7  NWDS  is  exclusively  double-shielded  coax.  Thus,  even  in  the  wire 
configuration,  the  A-7  NWDS  would  be  considered  a well  designed  and 
"hardened"  system  with  respect  to  induced  effects  from  lightning  or 
EMP.  This  fact  should  be  borne  in  mind  when  extending  the  results 
of  this  test  to  considerations  of  fiber  optics  performance  against 
other  types  of  wire  configurations,  such  as  twisted-pair  unshielded 
or  single-wire  unshielded. 

(2) 

Ellis,  J.R.,  LCDR  USN,  "Interim  Progress  Summary  and  Description 
of  A-7  ALOFT  System."  NELC  Technical  Report  1968  (TR  1968). 

Naval  Electronics  Laboratory  Center,  San  Diego,  California, 

January  1976. 
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1. 3 Test  Objectives 

1.3.1  Primary.  The  primary  objective  of  this  simulated  light- 
ning test  was  to  quantitatively  determine  the  reduction  in  lightning 
transient  susceptibility  afforded  by  the  use  of  fiber  optics  in  the 
Navigation  and  Weapons  Delivery  Computer.  Since  the  NWDC  was  sub- 
stantially redesigned  to  accept  the  fiber  optics  while  maintaining 
its  shielding  integrity,  and  is  representative  of  a system  that  might 
be  used  in  other  aircraft  applications,  it  was  an  excellent  subsystem 
to  demonstrate  the  advantage  gained  by  the  use  of  fiber  optics. 

1.3.2  Secondary.  A second  but  also  important  objective  of  this 
test  was  to  isolate  and  determine  the  relative  importance  of  the 
induced  transient  components  observed  within  the  NWDC  due  to  each  of 
the  three  lightning  coupling  mechanisms:  (1)  Direct  electromagnetic 
coupling  into  the  NWDC,  (2)  Transients  induced  in  the  NWDC  through 
the  power  wiring,  and  (3)  Transients  induced  in  the  NWDC  through  the 
signal  wiring. 
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2.  TEST  DESIGN 


2.1  Approach 

A 2000-ampere  peak  current  pulse  was  applied  to  the  aircraft  to 
simulate  the  lightning  current.  This  pulse  was  characterized  by  an 
approximate  1.6  microsecond  risetime  and  50  microsecond  decay  to  half 
value.  In  order  to  allow  a maximum  of  information  to  be  drawn  from 
the  test,  the  NWDC  was  tested  in  a total  of  seven  different  configu- 

j 

rations;  these  included  variations  in  connections  of  the  power  cabling, 
signal  cabling,  fiber  optics  cables,  and  aircraft  power. 

Induced  transient  measurements  were  made  on  a total  of  6 dif- 
ferent circuits  within  the  NWDC  in  each  of  the  above  configurations. 

Multiple  observations  of  each  transient  were  made  (3  to  10)  in  order 
to  allow  confidence  bounds  on  the  data  to  be  established.  In  addition 
to  recording  the  time-domain  transient  waveforms,  most  waveforms  were 


also  analyzed  with  the  Fast  Fourier  Transform  to  yield  spectral 
information. 

2.2  Lightning  Simulation 

2.2.1  Generator  Configuration.  A triggered  capacitor  bank, 
shown  schematically  in  Figure  1,  was  used  to  produce  the  desired 
simulated  lightning  pulse. 

The  capacitor  bank  consisted  of  two  sections  of  4.8  yfd  each. 

These  were  charged  in  parallel  by  a network  of  resistors,  and  dis- 
charged in  series  through  a system  of  three  spark  gaps.  During  the 
test  each  section  was  charged  to  31  kilovolts,  which  resulted  in  an 
output  voltage  of  62  kilovolts  and  an  effective  capacitance  of  2.4  yfd. 
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Of  the  three  spark  gaps,  only  the  center  ball-gap  was  triggered. 
The  others  were  adjusted  to  break  down  once  the  center  gap  had  been 
closed.  The  center  gap  was  "triggered"  by  a pneumatic  cylinder  which 
inserted  a third  ball  within  the  gap,  thus  mechanically  reducing  the 
effective  gap  to  nearly  zero.  This  shifted  the  full  potential  of  the 
charged  bank  to  the  two  other  gaps,  causing  them  to  break  down 
immediately. 


FIGURE  1.  Pulse  Generator  Configuration 
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The  two  untriggered  gaps  were  connected  to  the  aircraft  circuit 
through  waveshaping  resistors  (not  shown).  These  were  required  to 
insure  that  the  discharge  circuit  was  overdanrped  overall  (to  prevent 
oscillation  of  the  output  ^ *-ent) , and  to  allow  control  of  the  pulse 
risetime.  For  this  test,  1,  , ns  resistance  was  connected  in  each 
leg  of  the  circuit  resulting  ^n  a total  of  30  ohms  resistance  added 
to  the  generator  discharge  circuit. 

2.2.2  Applied  Current  Waveform.  The  applied  current  waveform 
used  throughout  this  test  was  a double  exponential  pulse  with  1.6 
microsecond  risetime  and  50  microsecond  decay  time  to  half  value. 

The  peak  current  of  this  pulse  was  2000  (+  100)  amperes.  Figures  2 
and  3 show  the  computer  displays  of  the  applied  current  pulse  waveform, 
but  first  a brief  explanation  on  interpretation  of  the  computer  dis- 
plays which  will  be  used  throughout  this  report. 


rtPPLIEO  CURRENT  CONFIGURATION  2 MAX  2073 

300A^OIU  10US-O1U  MIN  373 


-3  010 

FIGURE  2.  Applied  Current  Pulse  - Overall 
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The  graticule  of  the  displays  can  be  interpreted  like  that  of  an 
oscilloscope.  The  zero  reference  for  each  graph,  however,  may  change 
from  one  display  to  the  next;  the  number  appearing  at  the  lower  right 
corner  of  the  graticule  indicates  the  position  of  the  zero  reference 
for  each  display.  This  number  always  represents  the  zero  position 
with  respect  to  the  center  of  the  graticule;  thus,  "-3  DIV"  indicates 
that  the  zero  reference  is  one  division  from  the  bottom  of  the  graticule 
or  3 divisions  below  the  graticule  center.  At  the  top  of  the  graticule 
the  vertical  and  horizontal  scale  factors  are  displayed,  "500A/DIV" 
and  "lOyS/DIV",  respectively,  the  MAX  and  MIN  information  printed  at 
the  extreme  upper  right  of  the  display  represents  the  largest  and 
smallest  values  of  the  waveform  being  displayed.  The  remainder  of 
the  information  displayed  around  the  periphery  of  the  graticule  is 
information  used  to  record  and  identify  each  of  the  hundreds  of  wave- 

!■ 

forms  recorded  during  the  test. 


APPLIED  CUPRENT  CONFIGURATION  S WAX'  2850 
500A'OIU  SeeNS^OIU  MIN'  -3« 


-3  OIU 

FIGURE  3.  Applied  Current  Pulse  - Leading  Edge 


L 


8 


Figure  2,  at  the  relatively  slow  sweep  speed  of  10  microseconds 


per  division,  shows  that  the  decay  time  to  half  value  of  the  test 
waveform  was  about  50  microseconds,  and  that  the  peak  value  was  2075 
amperes.  At  this  sweep  speed  the  instrumentation  was  unable  to  re- 
solve the  leading  edge  of  the  pulse,  so  that  information  must  be 
obtained  from  a measurement  at  a faster  sweep.  This  was  done  with 
the  measurement  shown  in  Figure  3,  which  shows  that  the  peak  value 
of  the  waveform  occurred  after  about  5 microseconds,  and  that  the 
peak  current  was  2050  amperes.  The  risetime  of  this  waveform,  defined 
by  the  extrapolation  of  the  10%-90%  points  on  the  leading  edge  of  the 
pulse  up  to  the  peak  value,  was  1.6  microseconds. 

The  RF  noise  on  the  leading  edge  of  the  pulse,  visible  in  Figure 
3,  was  determined  during  the  test  to  be  stray  pickup  by  the  coaxial 
cable  connected  to  the  current  transformer  used  to  measure  the  applied 
pulse.  This  apparent  noise  was  greatly  reduced  by  added  shielding 
along  the  length  of  cable,  but  the  amount  visible  was  the  residual 
which  could  not  be  eliminated  from  the  measurement  system.  This  noise 
is  considered  to  be  an  artifact  of  the  measuring  system  and  not  a 
component  of  the  applied  current. 
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FIGURE  4.  Overall  Test  Configuration 
2 . 3 Equipment  Configuration 

2.3.1  Overall.  Figure  4 is  a view  of  the  overall  test  area, 
the  aircraft,  and  the  current  return  lines,  with  the  instrumentation 
van  in  the  background.  The  pulse  generator  was  placed  approximately 
8 feet  behind  the  tail  of  the  aircraft,  as  shown  in  Figure  5.  The 
current  return  path  was  formed  by  a system  of  4 parallel  wires  (for 
reduced  overall  circuit  inductance),  in  the  form  of  a large  elliptical 
loop.  The  full  pulse  current  passed  through  the  aircraft,  and  the 
current  was  then  divided  approximately  equally  in  half  and  returned 
to  the  generator  via  the  two  halves  of  the  loop.  The  minor  axis  of 
this  loop  was  46  feet  while  the  major  axis  was  56  feet. 
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FIGURE  5.  Pulse  Generator  Installation 


Figures  6 and  7 show  the  method  of  attachment  of  the  current 
return  wires  to  the  aircraft  nose  and  tail.  In  each  case,  a mechani- 
cally sound  connection  was  made  to  a cleaned  metallic  portion  of  the 
aircraft  structure.  The  tail  attachment  was  made  at  the  base  of  the 
ECM  antenna,  which  required  the  addition  of  a styrofoam  cup  as 
insulation,  to  prevent  inadvertent  arcing  to  the  sensitive  antenna 
rather  than  direct  connection  to  the  structure. 


FIGURE  6.  Pulse  Generator  Aircraft  Nose  Attachment 


FIGURE  7.  Pulse  Generator  Aircraft  Tail  Attachment 
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FIGURE  8.  Fiber  Optics  Transmitter  Installation 

Figure  8 shows  the  installation  of  the  fiber  optics  transmitter 
within  the  left  hand  equipment  bay  of  the  aircraft,  where  the  NWDC 
was  located.  Connections  to  the  induced  circuits  within  the  NWDC 


that  were  to  be  monitored  were  made  via  two  8-inch  lengths  of  shielded 
wire. 

As  shown  in  Figure  9,  all  connections  to  the  NWDC  were  made 
through  J3,  the  AGE  (Aerospace  Ground  Equipment)  connector  on  the 
computer  itself.  The  shielded  wires  from  the  measurement  system 
fiber  optics  transmitter  were  terminated  in  pins  to  mate  with  J3. 

This  allowed  a simple  and  direct  method  of  attachment. 


FIGURE  9.  Induced  Measurement  Connection  to  NWDC 

2.3.2  Aircraft . Prior  to  the  start  of  testing,  it  was  necessary 
to  make  the  aircraft  safe  from  any  small  air  arcs  that  might  occur 
across  structural  joints  due  to  the  high  current  which  would  be 
passing  through  the  fuselage.  All  explosives  associated  with  the 
ejection  seat  and  canopy  were  removed.  The  aircraft  fuel  system  was 
inerted  by  the  following  procedure:  (1)  The  initial  partial  fuel 
load  of  JP-4  and  JP-5  was  drained,  (2)  the  aircraft  was  filled  with 
JP-5,  and  again  drained,  (3)  a flow  of  nitrogen  was  maintained  through 
the  now  empty  fuel  system  for  a period  of  2 hours,  and  (4)  the  fuel 
system  was  filled  with  JP-5.  Nitrogen  flow  through  the  system  was 
started  1 hour  before  the  start  of  testing  each  day,  and  maintained 
until  the  end  of  testing. 

Throughout  the  test,  the  aircraft  was  securely  grounded  by  a 
5-foot-long  cable  to  a point  within  the  nose  gear  well.  All  equipment 
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bay  doors  remained  closed  throughout  testing,  and  the  aircraft  wings 
were  in  the  in-flight  position.  The  canopy  remained  open. 

2.4  NWDC  Configurations 

Table  I,  below,  lists  the  seven  configurations  in  which  the 
Navigations  and  Weapons  Delivery  Computer  was  tested.  The  induced 
measurements  made  while  the  system  was  in  Configuration  2 indicate 
the  signals  due  solely  to  coupling  directly  into  the  computer  itself, 
since  no  other  wires  were  connected.  Measurements  made  in  Configuration 
2 represent  the  response  of  the  system  in  the  full  fiber  optics  confi- 
guration (buc  with  aircraft  power  off).  It  was  desired  to  make  a series 
of  measurements  with  the  system  in  the  fiber  optics  configuration  and 
with  power  on,  but  this  was  not  possible  without  connecting  several  of 
the  hard-wire  connectors  to  the  computer  also.  For  this  reason,  no 
measurements  were  made  in  this  configuration. 


TABLE  I.  NWDC  Configurations 


Configuration 

Power 

Cabling 

Hard  Wire 
Signal 
Cabling 

Fiber 

Optics 

Cabling 

Aircraft 

Power 

2 

Off 

Off 

Off 

3 

On 

Off 

Off 

4 

On 

On 

Off 

5 

On 

Off 

Off 

Off 

6 

On 

On 

Off 

On 

7 

Off 

On 

Off 

Off 

8 

Off 

Off 

Off 

Off 
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Configurations  4 through  8 were  with  the  NWDC  in  the  wire  confi- 
guration. Configuration  4 measurements  are  indicative  of  the  system 
performance  with  all  necessary  cabling  in  place,  but  with  power  off. 
Comparison  between  configurations  3 and  4,  therefore,  shows  the  advan- 
tage gained  by  the  use  of  fiber  optics  in  this  system.  Configuration 
5 measurements  indicate  the  transient  response  of  the  system  with  only 
the  power  cabling  connected,  while  measurements  made  while  the  system 
was  in  Configuration  6 represent  responses  in  the  complete  hard-wire 
configuration  with  power  on.  Configuration  7 isolates  the  transient 
components  due  to  the  hard-wire  signal  cabling,  while  Configuration  8 
measurements  show  the  response  of  the  NWDC  itself  to  the  field  environ- 
ment when  it  was  in  the  wire  configuration  internally. 

While  Configurations  3 and  4 form  the  comparison  for  the  hard-wire 
versus  the  fiber  optics  configuration,  the  other  configurations  allow 
further  conclusions  to  be  drawn  regarding  the  relative  amounts  of 
transient  energy  being  coupled  into  the  system  by  the  various  wiring 
systems.  Comparisons  of  the  results  of  the  measurements  in  Configura- 
tion 6 with  those  obtained  in  Configuration  4 will  allow  some  extrap- 
olation of  the  results  of  all  other  configurations  to  what  might  be 
expected  were  the  system  in  operation  with  power  on. 

2 . 5 NWDC  Circuits  of  Interest 

Six  circuits  within  the  NWDC  were  chosen  to  be  monitored  in  each 
of  the  seven  system  configurations.  These  were  chosen  to  show  the 
changes  that  occurred  In  the  data  sections  of  the  computer,  the 
electro-optical  interface  sections,  and  the  power  supply.  Each  of 
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the  circuits  was  assigned  a number  to  allow  identification  of  each 


recorded  waveform  with  the  circuit  being  monitored. 

2.5.1  NAV  Panel  Data  Out.  Circuit  //I  was  the  signal  identified 
within  the  NWDC  as  "NAV  Panel  Data  Out."  This  is  a data  output  signal 
from  the  computer  to  the  peripheral.  As  shown  in  Figures  10  and  11, 
this  signal  was  accessed  through  pins  82  and  91  of  the  NWDC  AGE 
connector,  J3.  This  signal  represented  one  side  of  a differencial 


FIGURE  10.  Circuit  1 with  NWDC  in  Wire  Mode 
circuit,  and  was  common  to  both  the  fiber  optics  and  hard-wire  confi- 
gurations. Thus  changes  in  signal  level  at  this  point  between  the 
fiber  optics  and  wire  modes  show  the  effects  of  the  differences  in 
transient  coupling  between  the  two  configurations.  The  NAV  Panel  is 
located  in  the  cockpit  area,  and  the  length  of  the  cable  run  (wire  or 
fiber  optics)  between  it  and  the  NWDC  is  approximately  30  feet. 
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2.5.2  Data  Output  to  FLR  Signal  Generator.  Circuit  #2  was  the 
signal  identified  within  the  NWDC  as  "Data  Output  to  FLR  (Forward 
Looking  Radar)  Signal  Generator."  This  is  a data  output  signal  from 
the  computer  to  the  peripheral,  and  was  accessed  through  pins  83  and 
91  of  NWDC  connector  J3.  Figures  10  and  11  are  also  descriptive  of 
the  measurement  point  in  this  circuit,  except  that  the  peripheral 
box  in  the  diagram  should  read  "FLR  Signal  Generator"  rather  than 
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FIGURE  11.  Circuit  1 with  NWDC  in  Fiber  Optics  Mode 


"NAV  Panel."  This  measurement  point  is  again  common  to  both  the  wire 
and  fiber  optics  configurations.  The  FLR  Signal  Generator  is  located 
in  the  mid  equipment  bay,  and  the  length  of  the  cable  run  between  it 
and  the  NWDC  is  approximately  20  feet. 
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2.5.3  HUD  Data  Out  (True) . Circuit  //3  was  the  signal  identified 
as  "HUD  Data  Out  (True)."  This  is  a data  output  signal  from  the  compu- 
ter to  the  peripheral,  and  was  accessed  through  pins  84  and  91  of  NWDC 
connector  J3.  Figures  10  and  11  are  again  descriptive  of  this  circuit 
if  the  HUD  (Heads  Up  Display)  is  substituted  for  the  NAV  Panel  in  the 
diagram.  The  HUD  is  located  in  the  left  hand  equipment  bay,  as  is  the 
NWDC,  so  the  cable  length  is  only  about  5 feet.  This  measurement  point 
was  also  common  to  both  the  wire  and  fiber  optics  configurations. 

2.5.4  NAV  Panel  Receiver  Output.  Circuit  it 4 was  the  output  of  the 
fiber  optics  receiver  operational  amplifier,  as  shown  in  Figure  12.  This 
point  was  within  one  of  the  E/0  (electro-optical)  adapter  cards  within 
the  NWDC,  and  therefore  was  only  monitored  when  the  system  was  in  the 
fiber  optics  configurations  (2  and  3).  This  circuit  was  chosen  to  show 
the  transient  levels  experienced  by  these  new  components  within  the  com- 
puter. This  circuit  was  accessed  through  pins  80  and  91  of  connector  J3. 
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FIGURE  12.  Circuit  4 - NAV  Panel  Receiver  Output 
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2.5.5  NAV  Panel  LED  Driver.  Circuit  //5  was  the  input  to  the 


logic  gate  driving  the  LED  transmitter  for  the  fiber  optics  link  to 
the  NAV  Panel.  As  shown  in  Figure  13,  this  point  in  the  E/0  adapter 
circuit  was  monitored  through  pins  48  and  91  of  J3.  This  circuit 
was  also  only  available  for  monitoring  when  the  computer  was  in  the 
fiber  optics  configurations. 
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FIGURE  13.  Circuit  5 - NAV  Panel  LED  Driver 

2.5.6  NWDC  + VDC.  Circuit  # 6 was  the  +5  volt  DC  power  supply 
line  within  the  NWDC.  This  point  was  monitored  through  pins  85  and 
91  of  J3  as  shown  in  Figure  14.  This  circuit  was  available  in  all 
NWDC  configurations. 
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FIGURE  14.  Circuit  6 - NWDC  +5  VDC 


2 . 6 Procedure 

Before  the  start  of  each  day's  testing,  nitrogen  was  passed 
through  the  aircraft  fuel  system  and  the  vapors  being  vented  were 
checked  with  an  explosimeter . The  measurement  fiber  optics  system 
was  then  installed  and  connected  to  the  first  circuit  to  be  monitored 
that  day.  The  lightning  simulation  generator  was  then  fired  at  1 
minute  intervals  until  all  measurements  on  that  circuit  had  been 
completed.  The  generator  was  then  discharged  and  made  safe  by 
shorting  cables  so  that  the  connections  to  the  fiber  optics  measuring 
system  could  be  changed  to  the  next  circuit  to  be  monitored. 

This  process  was  repeated  until  it  became  necessary  to  change 
the  NWDS  configuration  and  begin  a new  measurement  series. 
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To  insure  uniformity  of  each  current  pulse  applied  to  the  air- 
craft, the  generator  change  voltage  and  charge  time  remained  constant 
throughout  the  test. 


22 


3.  INSTRUMENTATION 


3.1  Waveform  Digitizing  Instrumentation 


3.1.1  Overall . A Tektronix  WP  2221  Waveform  Digitizing  Instru 


mentation  package  was  used  during  this  test  to  perform  and  record  all 


transient  measurements.  This  system  is  pictured  in  Figure  15,  and 


consists  of  an  R7912  Transient  Digitizer,  PDP-11/05  minicomputer 


magnetic  tape  drive,  graphics  terminal,  and  a printer 


FIGURE  15.  Waveform  Digitizing  System 


3.1.2  R7912  Transient  Digitizer.  The  Tektronix  R7912  Transient 

Digitizer  is  a high-speed  analog-to-digital  converter  which  can  sample 
at  rates  up  to  1 GHz.  It  has  the  capability  of  storing  raw  data  in  an 
array  of  up  to  4096  9-bit  digital  words  with  a resolution  sufficient 
to  discern  512  distinct  vertical  levels  in  each  sample. 

The  R7912  is  operated  much  like  an  oscilloscope,  with  the  excep- 
tion that  its  output  can  either  be  viewed  on  a TV  monitor  or  diverted 
directly  to  the  minicomputer.  For  handling  by  the  minicomputer,  the 
raw  data  array  is  reduced  to  an  array  of  512  elements  or  samples. 

The  transient  waveform  is  subsequently  processed  and  stored  in  this 
form. 

During  this  test,  the  R7912  was  operated  with  a 7A19  Vertical 
Amplifier  plug-in  and  a 7B92A  Horizontal  Time  Base.  This  configura- 
tion resulted  in  an  upper  bandwidth  limit  of  500  MHz  for  the  digitizer 
system.  The  effective  overall  system  bandwidth,  however,  is  affected 
by  changes  in  sweep  speed  (and,  therefore,  changes  in  sample  rate). 
Table  II  shows  the  effective  system  bandwidths  based  on  sample  period 
and  sweep  speed. 
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TABLE  II.  R7912  Effective  System  Bandwidth 


SWEEP 

SPEED 

(PER  DIVISION) 

TIME 

WINDOW 

WIDTH 

SAMPLE 

PERIOD 

(51  SAMPLES/DIV) 

EFFECTIVE* 

DIGITIZER 

SYSTEM 

BANDWIDTH 

100  nS 

1 US 

2 nS 

250  MHz 

500  nS 

5 US 

10  nS 

50  MHz 

1 US 

10  US 

20  nS 

25  MHz 

10  US 

100  US 

196  nS 

2.5  MHz 

* Based  on  Nyquist  frequency.  nS  = nanoseconds 

US  = microseconds 

(Note  that  these  bandwidth  figures  apply  to  the  digitizer  system 
only.  Since  all  measurements  were  made  via  the  fiber  optics  measure- 
ment system  (para  3.2),  the  upper  frequency  limit  was  25  MHz.) 

3.1.3  Minicomputer.  The  PDP-11/05  computer  forms  the  hub  of  the 
Waveform  Digitizing  Instrumentation  and  makes  possible  the  operation 
of  the  various  devices  as  an  instrumentation  system.  When  not  being 
used  to  control  the  Transient  Digitizer,  the  computer  can  also  be 
used  (with  its  BASIC  language  interpreter)  to  perform  normal  computa- 
tional tasks. 

The  system  operates  under  control  of  WDI  TEK  BASIC,  a Tektronix 
software  package.  All  communications  with  the  digitizing  hardware  is 
accomplished  within  this  software,  in  addition  to  normal  programming. 
The  software  has  essentially  all  the  capabilities  of  BASIC  language 
interpreters  for  other  computer  systems,  with  the  addition  of  several 
very  powerful  commands  of  specific  value  in  waveform  processing. 
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3.1.4  Peripherals.  Input/output  for  the  digitizing  system  is 
handled  by  three  units.  Real-time  operator  communication  with  the 


system  is  accomplished  with  a Tektronix  4010-1  Graphics  Terminal 
having  alphanumeric  and  graphics  capability,  while  the  Tektronix  4610 
Hard  Copy  Unit  can  provide  permanent  paper  copies  of  information 
displayed  at  the  terminal.  The  CP100  dual  cassette  drive  provides  a 
means  of  storage  and  retrieval  of  programs,  data  files,  and  waveform 
files  using  magnetic  tape  cassettes. 

3.1.5  System  Operation.  Figure  16,  below,  represents  schemati- 
cally the  operation  of  the  individual  units  comprising  the  digitizing 
instrumentation.  During  this  test,  all  induced  transient  measurements 
were  made  with  a fiber  optics  analog  data  link  system  to  couple  the 
R7912  to  the  circuit  within  the  aircraft  that  was  being  monitored. 


FIGURE  16.  Digitizing  System  Configuration 
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Under  control  from  the  computer,  then,  measurement  information  was 
displayed,  analyzed,  printed  and  stored  in  real  time,  reducing  the 
requirements  for  later  data  processing  on  the  stored  waveform  data. 

3.1.6  ALOFT  Test  Software.  For  efficient  utilization  of  the 
digitizing  system,  additional  BASIC  software  was  developed  specifically 
for  this  test  program.  This  software  allowed  rapid  control  of  the 
Transient  Digitizer  and  tape  drives,  while  also  enhancing  real-time 
data  displays  and  analysis.  Using  this  software,  one  induced  transient 

measurement  (including  digitizing,  some  analysis,  display,  printing  and 

/ 

storage  on  tape)  could  be  made  every  45  seconds.  A listing  of  the 
BASIC  language  program  can  be  found  in  Appendix  A. 

3.2  Fiber  Optics  Measurement  System 

3.2.1  Description.  A fiber  optics  measurement  system  was  used 
for  connecting  the  Transient  Digitizer  system  to  the  circuits  within 
the  NWDC  that  were  to  be  monitored.  This  practice  reduced  noise  pickup 
(compared  to  coaxial  cables  as  is  usual  practice)  ,^stCA  also  eliminated 
the  need  for  establishing  a common  electrical  ground  between  the  air- 
craft and  the  instrumentation  van.  This  system  was  built  especially 
for  this  application,  and  as  such,  the  electro-optical  transmitter  is 
housed  in  an  RF-tight  box  with  its  rechargeable  battery  mounted 
internally.  The  transmitter  box  was  placed  within  the  equipment  bay 
housing  the  NWDC  itself,  while  the  fiber  optics  cable  connected  the 
transmitter  to  its  receiver  system  within  the  instrumentation  van. 

Figure  17,  shows  the  general  design  of  the  system.  It  is  built 
around  the  MDL  238  analog  fiber  optics  system  manufactured  by  Meret, 
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(3)  * 

Inc.  , with  additional  elements  required  for  this  application.  The 
MDL  238  transmitter  requires  a 12  volt  power  source  (200ma  current 
draw),  has  a 75-ohm  input  impedance,  and  is  limited  to  + 0.5  volt 
input  voltage.  To  use  this  unit  in  this  application,  it  was  necessary 
to  add  a step  attenuator  so  that  voltages  of  up  to  40  volts  peak  could 
be  measured.  Since  it  is  occasionally  desired  to  monitor  circuits  with 
DC  power  applied  to  them,  a provision  was  added  for  coupling  the  system 
to  the  circuit  to  be  measured  through  two  DC  blocking  capacitors  (2pF 
each)  so  that  no  overloading  of  the  circuit  under  test,  and  no  damage 
to  the  fiber  optics  system,  would  result.  During  this  test  the  input 
impedance  into  the  step  attenuator  was  50  ohms,  and  the  DC  blocking 
capacitors  were  not  used  in  any  of  the  measurements. 

Twenty  meters  of  optical  fiber  cable  is  used  to  connect  the 
transmitter  to  its  receiver  system  within  the  van.  The  MDL  238 
receiver  requires  supply  voltages  of  6 and  30  volts,  and  produces 
a maximum  output  voltage  of  approximately  30  mV  into  a 500-ohm  load. 
This  load  requirement  and  output  voltage  were  unacceptable,  so  the 
addition  of  a wideband  amplifier  stage  was  required  to  increase  the 
output  signal  level  to  300  mV  (peak)  while  allowing  operation  into  a 

i 

50-ohm  load  (the  7A19  amplifier  of  the  R7912) . This  added  amplifier 
was  a Hewlett-Packard  type  641A. 


(3) 


Meret,  Inc.,  1815  24th  Street,  Santa  Monica,  CA  90404 
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FIGURE  17.  Fiber  Optics  Measurement  System 

3.2.2  Performance.  This  system  responded  to  signals  between 
100  Hz  and  50  MHz,  though  the  gain  of  the  system  was  approximately 
constant  between  1 KHz  and  25  MHz  (the  3-dB  points) . The  system  would 
operate  for  over  four  hours  with  less  than  a 10%  change  in  gain  due  to 
discharge  of  the  transmitter  batteries.  The  maximum  output  voltage 
of  the  system  (into  50  ohms)  was  + 300mV,  while  the  maximum  input  volt- 
age the  modified  transmitter  could  measure  (with  maximum  attenuation) 
was  25  volts.  Noise  produced  by  the  fiber  optics  unit  itself  was  far 
below  the  inherent  noise  of  the  final  wideband  amplifier. 
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3.3  System  Noise 

Figures  18  through  21  show  the  noise  present  in  the  overall 
measurement  system  with  and  without  a simulated  lightning  pulse 
applied  to  the  aircraft.  In  both  cases  the  fiber  optics  system  was 
on,  with  the  input  leads  to  the  transmitter  on,  but  not  connected  to 
the  NWDC  as  they  would  be  for  a measurement.  This  configuration 
results  in  a slightly  pessimistic  noise  determination  since  the  open 
circuit  at  the  ends  of  the  input  leads  makes  the  system  very  sensitive 
to  ambient  electric  fields  — more  so  than  if  the  leads  were  connected 
to  the  circuit  under  test  with  perhaps  a few  tens  or  hundreds  of  ohms 
impedance. 

Figures  18  and  19  represent  the  noise  output  of  the  system  with 
no  current  pulse  applied  to  the  aircraft.  Most  of  this  noise  energy 
is  directly  from  the  wideband  amplifier  itself.  The  time  domain  plot 

INDUCED  "CLTmGE  CONFlCUFMl lUH  3 t1tf<  3E-3 
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FIGURE  18.  Measurement  System  Noise  - No  Lightning  Pulse 
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FIGURE  19.  Frequency  Spectrum  of  System  Noise  - No  Pulse 

shows  the  noise  peaks  to  be  +8  and  -9  millivolts.  The  Fourier  Transform 
spectrum  shows  a fairly  even  distribution  of  energy  over  the  spectrum 
at  very  low  magnitude.  (In  this  plot  zero  frequency  is  displayed  at 
the  left  of  the  graticule,  with  maximum  frequency  displayed  at  the 
extreme  right.)  The  large  apparent  DC  component  was  due  to  slight 
misadjustment  of  the  recording  equipment  and  is  not  of  significance 
in  this  measurement. 
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FIGURE  20.  Measurement  System  Noise  - With  Lightning  Pulse 
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FIGURE  21.  Frequency  Spectrum  of  System  Noise  - With  Pulse 


Figures  20  and  21,  on  the  other  hand,  show  the  noise  output  of 


the  system  with  a pulse  applied  to  the  aircraft.  This  signal,  though 
little  higher  in  amplitude  (+10  and  -11  mV)  contains  relatively  large 

I 

amounts  of  energy  at  approximately  8 and  17  MHz.  It  was  determined 
during  the  test  that  this  characteristic  spectrum  was  again  a direct 
result  of  the  wideband  amplifier.  It  appeared  to  be  due  to  energy 
coupling  into  the  amplifier  through  the  AC  power  line.  The  amplifier 
was  not  well  shielded  in  this  respect. 

These  waveforms  are  quite  representative  of  the  several  noise 
measurements  that  were  conducted  throughout  the  test.  The  system 
noise  level  can  then  be  considered  to  be  about  lOmV  peak.  It  was 
also  apparent  that  strong  fields  at  approximately  8 and  17  MHz  were 
present  in  the  test  area,  since  coupling  through  the  power  system  was 
observed.  (The  instrumentation  van  housing  the  equipment  was  well 
shielded  and  grounded.  The  majority  of  stray  pickup  was  due  to  the 
AC  power  system.) 

3.4  Discrete  Fourier  Transform  Notes 

For  those  readers  not  familiar  with  the  applications  and  limita- 
tions of  the  Discrete  Fourier  Transform  (FFT) , a good  reference  on 
digital  signal  processing  or  communication  theory  should  be  consulted 
to  facilitate  proper  interpretation  of  the  FFT  displays  in  this  report. 

Several  other  considerations  are  also  applicable.  First,  the  vertical 
scaling  in  the  FFT  displays  is  linear  rather  than  logarithmic  as  is 
common.  Second,  only  the  positive  half  of  the  Fourier  magnitude 
sequence  is  displayed,  with  DC  displayed  at  the  left  margin  of  the 
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graticule  and  maximum  frequency  displayed  at  the  right  margin.  Third, 
it  is  not,  in  general,  possible  to  make  comparisons  of  spectral  energy 
content  (area  under  the  frequency  spectrum  curve)  between  different 
FFT  displays  due  to  the  effects  of  leakage  in  the  FFT  computations  and 
differences  in  time  domain  and  frequency  domain  sample  periods. 
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4 . RESULTS 


4.1  Fiber  Optics  Versus  Hard-wlre  Comparison 

In  this  section,  the  results  obtained  in  NWDC  configurations  3 
and  4 will  be  compared.  This  effectively  compares  the  transients 
between  the  fiber  optics  (//3)  and  hard-wire  (//4)  configurations.  All 
measurements  made  in  these  configurations  were  with  the  system  powered 
down. 

4.1.1  NAV  Panel  Data  Out  (Circuit  1) . Figures  22  and  23  show  a 
typical  transient  waveform  for  Circuit  1 with  the  NWDC  in  the  fiber 
optics  configuration.  This  waveform  is  very  similar  to  the  system 
noise  waveform,  but  about  3 times  greater  in  amplitude.  Most  of  the 
transient  energy  occurs  around  8 MHz,  which  is  also  similar  to  the 
noise  waveform.  This  similarity  is  to  be  expected  since  the  only 
wires  now  connected  to  the  NWDC  are  the  power  supply  cables.  Of  the 
four  repeat  measurements  made  in  this  configuration  the  average  peak 
amplitude  of  the  signals  were  +26  and  -26  millivolts. 

Figure  24  and  25  show  a typical  transient  for  Circuit  1 with  the 
NWDC  in  the  wire  configuration.  The  signal  amplitude  is  now  about  16 
times  greater  than  the  noise,  and  it  has  a definite  character  different 
from  the  measured  noise.  Figure  25  shows  that  most  of  the  energy  in 
this  transient  occurs  at  2.4  and  4.2  MHz,  again  quite  different  from 
the  noise  and  the  transient  waveform  observed  in  the  fiber  optics 
configuration.  A total  of  eight  repeat  measurements  were  made,  and 
the  average  peak  voltages  were  +171  and  -178  millivolts. 
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The  transients  on  circuit  //I  increased  in  magnitude  by  550%  in 
changing  from  the  fiber  optics  to  hard-wire  configuration.  In  addition, 
the  bulk  of  the  energy  in  the  transient  shifted  from  8 MHz  to  2.4  and 
4.2  MHz. 


36 


INDUCED  UOLTAGE 
50WMJIU 


CONFIGURATION  4 

seens/oiu 


MAX  ■ 1623 

MIN'  -.1573 


0 DIU 


FIGURE  24.  Induced  Transient,  Circuit  1, 

Wire  Configuration  (#4) 

CONFIGURATION  4 FFT  MAGNITUDE  SEOUDCE  RIGHT  HALF  PLANE 
2HU/01U  2MH2^0IU 


-3  DIU 


FIGURE  25.  Frequency  Spectrum,  Circuit  1, 
Wire  Configuration  (#4) 
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4.1.2  FLR  Data  Out  (Circuit  2) . Figures  26  and  27  show  a typical 
transient  observed  on  Circuit  2 with  the  NWDC  in  the  fiber  optics  con- 
figuration. Again,  the  waveform  is  very  similar  to  the  noise  waveform 
but  about  3 times  greater  in  amplitude,  as  was  the  case  with  Circuit  1. 
Most  of  the  transient  energy  is  again  concentrated  around  8MHz  as  it 
was  with  the  noise  signal.  Four  repeat  measurements  were  made  of  this 
waveform  and  the  average  peak  values  were  +42  and  -36  millivolts. 

Figures  28  and  29  show  the  transient  observed  on  this  circuit  with 
the  NWDC  in  the  wire  configuration.  Again,  the  character  of  this  signal 
is  very  different  from  the  noise.  Its  amplitude  is  410  millivolts, 
which  is  41  times  greater  than  the  observed  noise.  Most  of  the  tran- 
sient energy  is  now  occurring  at  900  KHz  and  5.1  MHz.  Eight  repeat 
measurements  were  made  on  this  waveform,  and  the  average  peak  values 
were  +382  and  -336  millivolts. 

The  transients  on  Circuit  2 increased  in  magnitude  by  810%  in 
changing  from  the  fiber  optics  to  hard-wire  configuration.  In  addition, 
the  bulk  of  the  transient  energy  shifted  from  8 MHz  to  900  KHz. 
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Fiber  Optics  Configuration  (// 3) 

CONFIGURATION  3 FFT  MAGNITUDE  SEQUENCE,  RIGHT  HALF  PLANE. 
2»M)IU  smz/oiu 

50  MHZ 


1KXJCED 

UOLTAGE 

(XT  2 

DATE' 

26  AUG 

TIW. 

1357 


UN 


DOMINANT 

FREQ' 

8 


-3  OIU 


FIGURE  27.  Frequency  Spectrum,  Circuit  2, 


Fiber  Optics  Configuration  (//3) 
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FIGURE  28.  Induced  Transient,  Circuit  2, 
Wire  Configuration  (#4) 
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FIGURE  29.  Frequency  Spectrum,  Circuit  2, 


Wire  Configuration  (#4) 
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4.1.3  HUD  Data  Out  (Circuit  3) . Figures  30  and  31  show  a typi- 


cal transient  observed  on  Circuit  3 with  the  NWDC  in  the  fiber  optics 
configuration.  Again,  the  waveform  is  not  significantly  different 
from  the  noise  waveform,  except  that  it  is  about  twice  as  large  in 
magnitude.  The  energy  is  again  concentrated  around  8 MHz.  Of  the 
3 repeat  measurements  made  on  this  waveform,  the  average  peak  values 
were  +23  and  -23  millivolts. 

Figures  32  and  33  show  the  transient  observed  on  Circuit  3 with 
the  NWDC  in  the  wire  configuration.  The  signal  magnitude  is  now  about 
20  times  greater  than  the  noise,  and  the  transient  energy  is  concen- 
trated about  5.6,  2.4  and  10.4  MHz.  Nine  repeat  measurements  were 
made  on  this  transient,  with  the  average  peak  values  being  +159  and 
-199  millivolts. 

The  transients  on  Circuit  3 increased  in  magnitude  by  550  to 
760  percent  in  changing  from  the  fiber  optics  to  wire  configurations. 
In  addition,  the  bulk  of  the  transient  energy  shifted  from  8 MHz  to 
5.6,  2.4,  and  10.4  MHz. 
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FIGURE  30.  Induced  Transient,  Circuit  3, 

Fiber  Optics  Configuration  (#3) 
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FIGURE  31.  Frequency  Spectrum,  Circuit  3 
Fiber  Optics  Configuration  (#3) 
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4.1.4  +5  VDC  Power  (Circuit  6) . Figures  34  and  35  show  a typi- 


cal transient  observed  on  Circuit  6 with  the  NWDC  in  the  fiber  optics 
configuration.  (In  order  to  enhance  the  RF  portions  of  the  frequency 
spectrum,  the  large  DC  component  was  eliminated  from  the  signal  before 
the  Fourier  Transform  was  computed.)  Of  the  6 repeat  measurements  made 
on  this  waveform  the  average  peak  values  were  +30  and  -131  millivolts. 
Notice  in  Figure  34  that  the  RF  peak  magnitude  is  significantly  greater 
than  the  underlying  DC  pulse.  Figure  35  shows  that  the  major  frequency 
components  in  the  RF  portion  of  the  transient  were  2.1  and  4.2  MHz. 
Though  not  shown  well  in  this  figure,  the  major  low  frequency  component 
of  the  pulse  was  at  about  80  KHz. 

Figures  36  through  38  show  a typical  transient  observed  with  the 
NWDC  in  the  wire  configuration.  Note  that  Figure  36  shows  only  the 
leading  edge  of  the  full  transient  shown  in  Figure  38  at  a slower  sweep 
speed.  Notice  in  Figure  36  that  RF  portion  of  the  transient  is  now 
significantly  lower  in  magnitude  than  the  underlying  low  frequency 
pulse.  This  is  a change  from  Configuration  3.  The  spectrum  of  this 
pulse  also  shows  that  now  the  transient  energy  has  more  of  a noise 
character,  also  a change  from  the  fiber  optics  configuration.  Figure 
38  shows  the  overall  pulse  shape  and  magnitude,  and  a total  of  7 
repeat  measurements  were  made  on  this  transient.  The  average  peak 
values  were  +24  and  -92  millivolts. 

Though  not  shown,  it  was  observed  that  the  circuit  was  responding 
with  an  overall  pulse  shape  similar  to  that  shown  in  Figure  38  even  in 
the  fiber  optics  configuration.  Thus,  the  net  change  between  the  fiber 
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FIGURE  34.  Induced  Transient,  Circuit  6, 

Fiber  Optics  Configuration  (#3) 
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FIGURE  35.  Frequency  Spectrum,  Circuit  6, 
Fiber  Optics  Configuration  (#3) 
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FIGURE  36.  Induced  Transient,  Circuit  6, 
Wire  Configuration  (#4) 
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optics  and  wire  configurations  was  a shift  in  the  relative  magnitudes 
of  the  RF  and  low  frequency  portions  of  the  transient  pulse,  with 
relatively  little  change  in  overall  peak  magnitudes.  This  is  not 
surprising,  since  the  changes  in  the  signal  cabling  should  be  expected 
to  have  only  the  most  indirect  effect  on  transients  within  the  power 
supply  circuitry. 
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FIGURE  38.  Induced  Transient,  Circuit  6, 

Wire  Configuration  (#4),  Slow  Sweep 

4.1.5  Summary.  Tables  III  and  IV  summarize -the  induced  transient 
data  obtained  in  Configurations  3 and  4.  Values  for  both  positive  and 
negative  peak  induced  voltage  are  given.  The  maximum,  minimum,  and 
average  values  for  each  peak  are  also  shown,  along  with  the  primary 
frequencies  present  in  the  signal  spectra. 
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All  signals  showed  a marked  difference  in  frequency  spectrum 
between  the  fiber  optics  and  wire  configurations.  The  data  circuits 


all  showed  large  increases  in  induced  voltage  when  changing  from  the 
fiber  optics  to  hard-wire  configuration.  These  increases  ranged  from 
550%  (circuits  1 & 3)  to  810%  (circuit  2) . 

The  spectrum  of  the  transients  observed  on  the  power  supply  cir- 
cuit changed  between  configurations  3 and  4,  but  the  peak  magnitudes 
changed  relatively  little  (about  40%),  and  this  increase  occurred  in 
changing  from  the  wire  to  fiber  optics  configuration.  In  the  fiber 
optics  configuration  the  RF  components  in  the  transient  were  larger 
than  the  low  frequency  components,  while  in  the  wire  configuration, 
the  reverse  was  true.  These  results  were  most  likely  due  to  the  fact 
that  some  power  ground  returns  were  included  in  the  signal  cabling, 
so  connecting  and  disconnecting  the  signal  cables  did  modify  the  power 
supply  circuits  somewhat. 
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TABLE  III.  Fiber  Optics  Data  Summary 


PEAK 

INDUCED 

VOLTAGE 

MAX 

MIN 

AVG 

VALUE 

VALUE 

VALUE 

(mV) 

(mV) 

(mV) 

+37 

+21 

+26 

-28 



-25 

-26 

+410 

-384 

+356 

-291 

+382 

-336 

+170 

+150 

+159 

5.6,  2.4 

-255 

-120 

-199 

10.4 

+35 

+16 

+24 

80  KHz, 

-95 

-89 

-92 

8,  5.4 

i 
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4.2  Coupling  Mechanism  Comparison 

To  draw  a comparison  on  the  relative  importance  of  the  three 
coupling  mechanism,  measurements  were  made  on  the  NWDC  circuits  in 


three  simplified  configurations  (8,  7,  and  5)  which  isolated  each 
of  the  three  coupling  mechanisms. 

4.2.1  NWDC.  When  in  Configuration  8,  the  NWDC  had  no  external 
wires  connected  to  it.  The  induced  measurements  made  in  this  confi- 
guration then  show  the  amount  of  energy  being  coupled  directly  into 
the  NWDC  circuits.  Figures  39  and  40  show  a typical  transient  measure- 
ment made  in  this  configuration.  This  waveform  is  an  example  of  those 
observed  on  Circuit  2,  but  as  can  be  seen  in  Table  V,  the  transients 
observed  on  Circuits  1 and  3 were  very  similar  in  magnitude  and  fre- 
quency content  to  those  on  Circuit  2. 


The  waveform  is  very  similar  to  transients  observed  with  the  NWDC 
in  the  fiber  optics  configuration,  and  also  very  similar  to  the  noise 
measurements,  though  about  3 times  greater  in  magnitude.  Most  of  the 
transient  energy  is  concentrated  about  8 MHz.  Table  V summarizes  the 
data  obtained  on  all  three  circuits  in  this  configuration.  In  all 


cases  the  bulk  of  the  energy  was  concentrated  around  8 MHz,  with  peak 
time-domain  magnitudes  2 to  3 times  greater  than  the  noise  measurements. 
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FIGURE  39.  Induced  Transient,  Configuration  8 
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FIGURE  40.  Frequency  Spectrum,  Configuration  8 


52 


TABLE  V.  Configuration  8 Induced  Data 


PEAK 

INDUCED 

VOLTAGES 

CIRCUIT 

# 

DATA 

POINTS 

MAX 

VALUE 

(mV) 

MIN 

VALUE 

(mV) 

AVG 

VALUE 

(mV) 

PRIMARY 

FREQS 

(MHz) 

1 

6 

+29 

+18 

+23 

8 

-22 

-34 

-26 

2 

6 

+50 

+28 

+35 

9 

j 

-40 

-35 

-38 

3 

7 

+31 

+18 

+25 

8 

I 

i '35 

4 

-22 

-29 
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4.2.2  Hard-wire  Signal  Cabling.  When  in  Configuration  7,  the 
NWDC  had  only  the  hard-wire  signal  wiring  connected.  Power  cabling 
was  not  connected.  Compared  to  the  results  obtained  in  Configuration 
8,  transients  on  all  three  circuits  were  much  greater  in  magnitude, 
and  very  different  in  frequency  content. 

Figures  41  and  42  show  a typical  transient  observed  on  Circuit  1 
in  this  configuration.  The  peak  magnitude  is  approximately  480% 
greater  than  that  observed  in  Configuration  8,  and  most  of  the  tran- 
sient energy  is  now  concentrated  around  2.2  and  4.2  MHz  rather  than 
at  8 MHz  as  was  the  case  in  Configuration  8.  Seven  measurements  were 
made  on  this  transient,  and  the  average  peak  values  were  +133  and  -120 
millivolts . 

Figures  43  and  44  show  a typical  transient  observed  on  Circuit  2 
in  this  configuration.  This  waveform  averaged  about  3 times  greater 
in  magnitude  than  that  observed  in  configuration  8,  and  much  transient 
energy  now  appears  at  22.5,  11,  and  16  MHz.  A total  of  7 repeat 
measurements  were  made  of  this  transient,  and  the  average  peak  values 
were  +91  and  -91  millivolts.  The  major  frequency  components  were 
22.5,  11,  and  16  MHz. 


54 


ItCUCED 

UOLTAGE 


FIGURE  41.  Induced  Transient,  Circuit  1, 
Configuration  7 
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FIGURE  42.  Frequency  Spectrum,  Circuit  1, 
Configuration  7 
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FIGURE  43.  Induced  Transient,  Circuit  2, 
Configuration  7 
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Figures  45  and  46  show  a typical  transient  observed  on  Circuit  3 
in  this  configuration.  The  peak  magnitude  of  this  waveform  is  about 
6 times  that  of  the  transient  observed  in  Configuration  8,  and  the 
major  frequency  components  are  5.8,  2.2,  and  11  MHz.  A total  of  8 
repeat  measurements  were  made  on  this  transient,  and  the  average  peak 
values  were  +175  and  -199  millivolts. 

Table  VI  summarizes  the  data  obtained  in  Configuration  7.  The 
transients  on  each  circuit  increased  160  to  600  per  cent  with  major 
changes  in  frequency  content  also.  This  shows,  as  is  reasonable  to 
expect,  that  the  effect  of  adding  signal  wiring  to  the  system  greatly 
increases  the  transient  levels,  and  also  greatly  changes  their  nature. 


TABLE  VI.  Configuration  7 Induced  Effects  Data 


PEAK 

INDUCED 

VOLTAGE  | 

# 

MAX 

MIN 

AVG  I 

PRIMARY 

CIRCUITS 

DATA 

VALUE 

VALUE 

VALUE  1 

FREQS 

POINTS 

(mV) 

(mV) 

(mV) 

(MHz) 

! 

i 

7 

+138 

+124 

+133 

1 

2.2,  4.2  1 

| 

-244 

-178 

-210 

I 

2 

7 

+111 

+56 

+91 

22.5,  11, 

-109 

-70 

-90 

16 

3 

8 

+190 

+142 

+175 

5.8,  2.2, 

-239 

-173 

-199 

11 
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FIGURE  45.  Induced  Transient,  Circuit  3, 
Configuration  7 
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FIGURE  46.  Frequency  Spectrum,  Circuit  3, 
Configuration  7 


58 


4.2.3  Power  Cabling.  When  in  Configuration  5,  the  NWDC  had 


only  its  power  cabling  connected.  In  two  of  the  three  circuits,  the 
transients  in  this  configuration  were  only  slightly  greater  in  magni- 
tude than  those  observed  in  Configuration  8 — this  was  as  expected. 
Circuit  2,  however,  experienced  transients  15  times  greater  in  magni- 
tude than  it  did  in  Configuration  8. 

Figures  47  and  48  show  a typical  transient  observed  on  Circuit 

1 in  this  configuration.  The  peak  magnitudes  are  about  twice  those 
observed  in  Configuration  8,  but  the  frequency  content  is  quite 
different.  Eight  repeat  measurements  were  made  on  this  signal,  and 
the  average  peak  values  were  +58  and  -59  millivolts.  The  major 
frequency  components  were  10.4,  8 and  4.2  MHz. 

Figures  49  and  50  show  a typical  transient  observed  on  Circuit 

2 in  this  configuration.  These  transients  were  about  15  times 
greater  than  those  observed  in  Configuration  8.  A total  of  ten 
repeat  measurements  were  made  on  this  transient,  and  the  average 
peak  values  were  +554  and  -427  millivolts.  The  only  major  frequency 
component  was  4.2  MHz.  This  transient  was  also  about  6 times  greater 
in  magnitude  than  that  observed  on  this  circuit  in  Configuration  7. 
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FIGURE  47.  Induced  Transient,  Circuit  1, 
Configuration  5 
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FIGURE  48.  Frequency  Spectrum,  Circuit  1, 
Configuration  5 
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Figures  51  and  52  show  a typical  transient  observed  on  Circuit  3 
in  this  configuration.  It  is  only  slightly  greater  in  magnitude  than 
the  transient  observed  in  Configuration  8,  and  identical  in  frequency 
content.  Six  repeat  measurements  were  made  on  this  transient,  and  the 
average  peak  values  were  +35  and  -47  millivolts. 

Table  VII  summarizes  the  results  of  the  measurements  in  this 
configuration.  Circuits  1 and  3 performed  as  expected,  showing  only 
slight  increases  in  transient  magnitude,  indicating  only  loose  coupling 
between  the  power  wiring  and  these  circuits.  Circuit  2,  however,  dis- 
played very  strong  coupling  between  itself  and  the  power  wiring  by 
reacting  with  a 15-fold  increase  in  transient  magnitude.  No  explana- 
tion is  offered  for  this  strong  apparent  coupling. 


TABLE  VII.  Configuration  5 Induced  Effects  Data 


PEAK 

INDUCED 

VOLTAGE 

CIRCUIT 

# 

DATA 

POINTS 

MAX 

VALUE 

(mV) 

MIN 

VALUE 

(mV) 

AVG 

VALUE 

(mV) 

PRIMARY 

FREQS 

(MHz) 

1 

8 

+67 

+44 

+58 

10.4,  8, 

-68 

L 

-45 

-59 

4.2 

2 

10 

+653 

+294 

+554 

MM 

-484 

-400 

-427 

MM 

3 

6 

+40 

+29 

+35 

8.5 

-52 

-43 

-47 
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FIGURE  51.  Induced  Transient,  Circuit  3, 
Configuration  5 
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FIGURE  52.  Frequency  Spectrum,  Circuit  3, 
Configuration  5 
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4.3  Power-On  Measurements 


i 


k 


Measurements  were  made  with  the  NWDC  in  the  hard-wire  configu- 
ration with  the  system  powered-up  (Configuration  6)  in  an  attempt  to 
establish  a relationship  between  the  power-off  measurements  and  what 
might  be  expected  in  flight  with  the  system  operating.  Although  it 
was  desired  to  perform  power-on  measurements  in  both  the  hard-wire 
and  fiber  optics  configurations  to  yield  a further  comparison,  it  was 
not  possible  to  operate  the  NWDC  with  power  applied  and  no  wire  signal 
cables  connected.  This  was  because  several  of  the  power  ground  returns 
shared  cable  bundles  with  the  signal  wiring.  For  this  reason  it  was 
not  possible  to  operate  the  NWDC  in  a pure  fiber  optics  configuration 
with  power  applied.  (In  flight,  with  the  ALOFT  NWDS , the  wire  signal 
cabling  is  connected  to  the  NWDC  even  when  operating  the  system  in  the 
fiber  optics  configuration.) 

During  these  measurements  power  was  supplied  to  the  aircraft 
through  a cable  from  an  unfiltered  transformer  providing  power  to 
the  hangar.  Transient  measurements  on  this  power  source  with  the 
cable  not  connected  to  the  aircraft  showed  15-Volt  peak  transients 
overriding  the  115-Volt  AC  power.  (It  was  not  possible  to  measure 
the  transients  on  the  power  cable  while  it  was  connected  to  the 
aircraft . ) 

Though  the  transients  observed  on  the  NWDC  circuits  were  higher 
with  power  applied  than  with  the  system  powered-down,  it  was  not 
possible  to  determine  to  what  extent  these  increases  were  due  to 
additional  transient  energy  entering  the  aircraft  via  the  power 
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cable  — either  through  indirect  coupling  with  the  signal  circuits  or 
directly  through  the  power  supply  circuits  within  the  NWDC. 

The  results  of  the  power-on  measurements  are  included  here  as 
observations,  but  due  to  the  foregoing  conditions,  it  cannot  be  con- 
cluded that  transients  of  these  magnitudes  will  be  experienced  under 
flight  conditions.  The  observed  transients  were  most  probably  some- 
what more  severe  than  those  that  might  be  expected  in  flight. 

4.3.1  Circuit  1.  Figures  33  and  54  show  a typical  transient 
observed  on  Circuit  1 with  power  applied.  The  signals  were  greater 
in  magnitude  than  those  observed  without  system  power  by  about  450%. 
Frequency  content  was  similar.  Six  repeat  measurements  were  made  on 
this  circuit,  and  the  average  peak  values  were  +932  and  -876  milli- 
volts. The  primary  frequencies  were  5.4  and  2.2  MHz. 
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FIGURE  53.  Induced  Transient,  Circuit  1, 

Power  On 

CONFIGURATION  6 FFT  MAGNITUDE  SEQUENCE.  FIGHT  HALF  PLANE. 
20MU/DIU  2THZ/0IU 


-3  DIU 


FIGURE  54.  Frequency  Spectrum,  Circuit  1, 
Power  On 


66 


I 


A. 3.2  Circuit  2.  Figures  55  and  56  show  a typical  transient 
observed  on  Circuit  2 with  power  applied.  Note  that  the  transient 
is  displaced  by  a DC  level  due  to  the  data  signal  being  sent  by  the 
NWDC.  The  amounts  of  DC  offset  were  considered  in  interpreting  the 
data,  and  the  magnitudes  listed  in  the  summary  table  reflect  only 
the  transient  magnitudes.  Five  repeat  measurements  were  made  on  this 
waveform,  and  the  average  peak  values  were  +1.21  and  -1.39  Volts. 

This  represented  a 300%  increase  over  the  values  obtained  in  Confi- 
guration A with  power  off.  The  two  primary  frequency  components 
were  3. A and  2.1  MHz. 

A. 3. 3 Circuit  3.  Figures  57  and  58  show  a typical  tra^si^nt 
observed  on  Circuit  3 with  power  on.  Four  repeat  measurements  were 
made  on  this  circuit,  and  the  average  peak  transient  magnitudes  were 
+.98  and  -1.19  Volts.  Primary  frequency  components  were  2.2  and  5. A 
MHz.  These  magnitudes  represented  an  approximate  600%  increase  over 
the  transients  observed  with  power  off. 
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FIGURE  55.  Induced  Transient,  Circuit  2, 
Power  On 
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FIGURE  56.  Frequency  Spectrum,  Circuit  2, 
Power  On 
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FIGURE  57.  Induced  Transient,  Circuit  3, 

Power  On 
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FIGURE  58.  Frequency  Spectrum,  Circuit  3, 
Power  On 
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4.3.4  Circuit  6.  Figures  59  through  62  show  a typical  transient 


observed  on  the  power  supply  circuit  with  power  applied.  They  very 
closely  resembled  the  observations  with  power  off.  Figures  63  and  64 
show  the  overall  shape  of  the  transient  pulse,  and  a major  frequency 
component  of  80  KHz,  while  Figures  65  and  66  show  the  leading  edge  of 
this  pulse.  Six  repeat  measurements  were  made  on  this  transient,  and 
the  average  peak  values  were  +101  and  -266  millivolts,  which  represents 
less  than  a 300%  increase  over  the  power-off  values.  The  major  fre- 
quency present  in  the  leading-edge  RF  noise  was  2.1  MHz. 

4.3.5  Summary.  Table  VIII  summarizes  the  power-on  induced 
measurements.  All  the  signals  were  300  to  600  per  cent  greater  than 
the  corresponding  power-off  measurements. 


TABLE  VIII.  Power-On  Measurements 


_ 

PEAK  INDUCED  VOLTAGE 

CIRCUIT 

// 

DATA 

POINTS 

MAX 

VALUE 

(mV) 

MIN 

VALUE 

(mV) 

AVG 

VALUE 

(mV) 

PRIMARY 

FREQS 

(MHz) 

1 

6 

+981 

+863 

+932 

5.4,  2.2 

-975 

-731 

-876 

2 

5 

+1.45* 

+1.06* 

+1.21* 

3.4,  2.2 

-1.56* 

-1.19* 

-1.39* 

3 

4 

+1.20* 

+790 

+982 

1 1 

-1.20* 

-1.06* 

-1.19* 

1 

6 

6 

+128 

+56 

+101 

DC,  80KHz, 

-306 

-224 

-266 

2.1 

* These  values  are  in  Volts. 
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FIGURE  59.  Induced  Transient,  Circuit  6, 
Power  On,  Slow  Sweep 
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FIGURE  60.  Frequency  Spectrum,  Circuit  6, 
Power  On,  Low  Frequency 
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4.4  Electro-optical  Circuits 


Measurements  were  made  at  two  points  within  the  electro-optical 
interface  circuits  in  the  NWDC  in  order  to  establish  the  levels  and 
types  of  transients  that  would  be  experienced  by  these  circuits. 
These  measurements  were  made  only  with  the  NWDC  in  the  fiber  optics 
configuration,  with  power  cabling  connected. 

4.4.1  NAV  Panel  Data  Receiver  Output.  Figures  63  and  64  show 
a typical  transient  experienced  by  Circuit  4,  the  NAV  Panel  Data 
Receiver  Output.  The  transients  were  very  similar  in  magnitude  and 
frequency  content  to  those  observed  on  the  other  circuits  in  Confi- 
guration 8,  and  also  the  noise  measurements.  A total  of  4 repeat 
measurements  were  made  on  this  circuit;  the  average  peak  values  of 
the  waveform  were  +19  and  -14  millivolts. 

4.4.2  NAV  Panel  Data  Transmitter  Input.  Figures  65  and  66 
show  a typical  transient  observed  on  Circuit  5,  the  NAV  Panel  Data 
Transmitter  Input.  As  might  be  expected,  these  signals  were  not 
significantly  different  from  those  observed  on  Circuit  4.  Three 
repeat  measurements  were  made,  and  the  average  peak  values  were  +17 
and  -14  millivolts.  The  major  frequency  components  were  8 and  17 
MHz. 
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FIGURE  63.  Induced  Transient,  Circuit  4 
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FIGURE  64.  Frequency  Spectrum,  Circuit  4 
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FIGURE  66.  Frequency  Spectrum,  Circuit  5 
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4.4.3  Summary.  Table  IX  summarizes  the  observations  on  these 
circuits.  All  measurements  were  made  with  the  NWDC  in  Configuration 


3.  The  observed  signals  were  less  than  twice  the  magnitude  of  the 
system  noise,  and  therefore  indicate  that  the  transients  on  these 
circuits  were  very  weak  indeed. 

TABLE  IX.  Induced  Effects  Data  - Electro-optical  Circuits 


5.  SUMMARY  AND  CONCLUSIONS 


5.1  Fiber  Optics 

Three  data  circuits  within  the  Navigation  and  Weapons  Delivery 
Computer  were  monitored  for  transients  in  both  the  fiber  optics  and 
hard-wire  configurations.  Transients  observed  in  the  hard-wire  con- 
figuration were  550  to  810  per  cent  greater  than  those  observed  in 
the  fiber  optics  configuration.  The  transients  observed  in  the  wire 
and  fiber  optics  configurations  also  showed  distinct  differences  in 
waveform  and  frequency  content. 

These  results  show  that  an  85  to  90  per  cent  reduction  in  tran- 
sient magnitudes  can  be  expected  with  the  substitution  of  fiber 
optics  data  transmission  links  in  a subsystem  of  this  type.  Since 
the  NAV  Panel  circuit  uses  coaxial  cable  in  the  wire  mode,  and  the 
FLR  Signal  Generator  and  HUD  circuits  use  shielded  twisted  pairs 
(both  considered  relatively  "hard"  against  induced  transients),  these 
results  suggest  that  an  even  greater  advantage  would  be  gained  by 
the  use  of  fiber  optics  when  compared  to  other  wiring  methods,  such 
as  unshielded  wire  bundles  or  unshielded  twisted  pairs. 

Due  to  the  arrangement  of  the  ALOFT  NWDS  (discussed  in  detail 
in  paragraph  1.2),  it  was  not  possible  to  obtain  fiber  optics  versus 
wire  comparison  measurements  at  the  receiver  ends  of  any  data  channels; 
comparison  measurements  were  only  made  at  the  data  channel  transmitter 
ends.  Thus  while  this  experiment  did  draw  good  comparisons  between 
the  fiber  optics  and  wire  channels,  it  is  possible  that  some  additional 
transient  energy  could  be  coupled  through  the  optical  transmitters  and 
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allowed  to  corrupt  the  digital  data  in  an  operating  system.  This 
effect,  if  it  exists,  would  not  have  been  observed  in  this  experiment. 
A fair  estimate  of  this  effect,  however,  can  be  made  by  interpretation 
of  the  transient  levels  observed  at  the  optical  driver  (Circuit  5) . 
Interpretation  of  this  data  by  one  familiar  with  the  characteristics 
of  the  optical  transmitter  circuit  should  show  to  what  degree  addi- 
tional transient  energy  might  be  transmitted  by  the  driver. 

The  power  supply  circuit  that  was  monitored  in  both  configura- 
tions showed  little  significant  change  in  transient  magnitude  when 
substituting  the  fiber  optics  for  the  wire  signal  cabling.  The 
transients  were  composed  of  80  KHz  and  RF  (2  to  8 MHz)  components. 

The  magnitude  of  the  80  KHz  component  changed  very  little  between 
the  two  configurations,  while  the  magnitude  of  the  RF  components 
(of  very  short  duration  at  the  leading  edge  of  the  pulse)  were 
greater  in  the  fiber  optics  configuration  than  in  the  wire  confi- 
guration. This  response  caused  the  overall  peak  transient  magnitude 
to  be  40%  greater  in  the  fiber  optics  configuration  than  in  the  wire 
configuration.  In  this  type  of  circuit,  however,  the  80  KHz  compo- 
nent (much  greater  in  energy  content  than  the  RF  components)  is  much 
more  significant.  For  this  reason,  the  transient  threat  to  the 
power  supply  can  be  considered  to  be  approximately  the  same  in  either 
configuration. 

The  change  in  the  RF  spectrum  of  the  transients  was  most  likely 
due  to  the  fact  that  some  power  ground  returns  were  included  in  the 
signal  cabling  connection.  In  changing  from  the  wire  to  fiber  optics 
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configuration  the  signal  cabling  was  removed,  eliminating  these  ground 
return  connections  and  increasing  the  RF  transients.  This  situation, 
however,  would  not  be  representative  of  a system  exclusively  designed 
for  fiber  optics  operation. 

5.2  Coupling  Mechanisms 

The  transients  observed  on  all  three  NWDC  circuits  with  no  cabling 
connected  to  the  NWDC  were  never  greater  than  16%  of  the  magnitude  of 
the  transients  observed  with  the  system  fully  cabled.  This  indicates 
that  the  bulk  of  the  transient  energy  observed  in  the  NWDC  circuits 
was  being  coupled  into  the  unit  through  the  power  and  signal  wiring. 
(The  ALOFT  NWDC  is  very  well  shielded;  this  type  of  comparison  per- 
formed on  other  systems  might  show  an  even  lower  percentage  of  the 
total  transient  energy  being  coupled  directly  into  the  "black  box".) 

In  two  cases  out  of  three  (Circuits  1 and  3)  the  transients 
produced  by  the  addition  of  the  signal  wiring  to  the  NWDC  were  much 
greater  (200  to  400  per  cent)  than  those  produced  by  the  addition 
of  the  power  wiring  to  the  NWDC.  This  indicates  a stronger  coupling 
of  the  circuits  to  the  signal  wiring,  as  would  be  expected.  This 
also  suggests  that  the  most  effective  way  to  reduce  the  transient 
levels  in  these  circuits  would  be  to  reduce  the  transient  energy 
entering  the  NWDC  through, the  signal  wiring  (either  by  substituting 
fiber  optics  for  the  wires,  or  by  adding  transient  suppression 
devices) . 


79 


In  one  case,  however  (Circuit  2),  the  transients  produced  by 
the  addition  of  the  power  wiring  to  the  NWDC  were  500%  greater  than 
those  produced  by  the  addition  of  the  signal  wiring.  This  suggests 
tight  coupling  to  the  power  wiring  for  this  circuit.  This  also 
suggests  that  the  most  effective  way  to  reduce  the  transient  levels 
on  this  circuit  would  be  to  reduce  the  coupling  to  the  power  wiring. 

The  conclusion  regarding  relative  importance  of  these  two  coupling 
mechanisms  (i.e.,  via  power  and  signal  wiring)  must  be,  therefore,  that 
they  are  both,  in  general,  important,  and  their  relative  importance 
may  vary  from  one  circuit  to  another.  While  Circuit  2 showed  the 
greatest  coupling  to  the  power  wiring  of  the  three  data  circuits,  it 
also  showed  the  greatest  percentage  reduction  in  transient  magnitude 
with  the  substitution  of  fiber  optics  for  the  signal  wiring.  This 
indicates  a rather  tight  and  probably  complex  interdependence  of 
both  coupling  mechanisms  on  the  overall  response  of  the  circuit.  On 
the  other  hand,  while  Circuit  2 did  show  the  most  improvement  with 
the  substitution  of  the  fiber  optics,  it  still  showed  the  highest 
transient  magnitudes  even  after  substitution.  This  suggests  that 
it  might  be  possible  to  further  reduce  the  transient  levels  by 
reducing  the  circuit  coupling  to  the  power  wiring  as  indicated 
previously. 

It  is  also  interesting  to  note  that  in  two  cases  out  of  three 
(Circuits  1 and  3) , the  transient  magnitudes  observed  on  the  complete 
system  were  approximately  equal  to  the  sum  of  the  transient  magni- 
tudes observed  with  only  the  power  or  signal  wiring  connected.  In 
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both  of  these  cases,  the  magnitude  of  the  signal  wiring  contribution 
was  much  greater  than  the  power  wiring  contribution,  and  the  frequency 
components  of  the  transients  observed  on  the  complete  system  also 
closely  matched  those  observed  with  the  signal  wiring  only. 

With  Circuit  2,  however,  the  transient  magnitudes  observed  on 
the  complete  system  were  not  a simple  sum  of  the  magnitudes  observed 
in  the  other  two  cases.  In  fact,  the  magnitudes  observed  on  the 
complete  system  were  30%  less  than  those  observed  with  only  the 
power  wiring  connected.  In  this  circuit,  the  predominant  frequency 
in  the  transients  observed  on  the  complete  system  was  900  KHz,  while 
this  frequency  component  was  not  present  at  all  in  either  case  with 
the  power  or  signal  wiring  connected  separately. 

The  general  conclusion  to  be  drawn  from  the  behavior  of  these 
circuits  is  that  the  coupling  via  the  power  and  signal  wiring  is  much 
more  significant  than  the  coupling  directly  into  the  NWDC,  and  that 
the  relative  importance  of  these  two  coupling  mechanisms  may  be 
different  for  different  circuits.  In  addition,  the  transient  wave- 
form observed  on  a complete  system  will  not  always  be  the  sum  of  the 
contributions  due  to  the  signal  and  power  wiring  when  acting  separately. 
5.3  Power-On  Measurements 

As  described  in  paragraph  A. 3,  it  was  not  possible  to  perform  a 
comparison  of  the  transients  in  the  hard-wire  and  fiber  optics  confi- 
gurations with  power  applied  to  the  NWDC.  It  was  also  not  possible 
to  obtain  a "clean"  source  of  aircraft  power;  additional  transient 
energy  entered  the  aircraft  during  the  power-on  measurements  via  the 
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power  cable.  The  observed  power-on  transients  can  therefore  be 
expected  to  be  greater  in  magnitude  than  those  that  might  be  expe- 
rienced in  flight,  and  they  are  slightly  less  meaningful  in  general 
than  the  power-off  measurements. 

Transient  magnitudes  measured  on  all  circuits  with  power  on  were 
greater  than  the  corresponding  magnitudes  measured  with  system  power 
off.  In  the  case  of  the  power  supply  circuit,  this  increase  was  on 
the  order  of  300%.  The  transient  magnitude  increase  in  the  three  data 
circuits  ranged  from  300  to  600  per  cent.  Frequency  content  of  the 
two  other  circuits  remained  essentially  the  same  between  power  on  and 
power  off. 

5.4  Electro-optical  Circuits 

Observations  were  made  on  Circuits  4 and  5 in  order  to  establish 
the  level  of  transient  interference  in  the  electro-optical  circuits 
within  the  NWDC.  Since  these  additional  circuits  do  not  exist  when 
the  NWDC  is  in  the  wire  configuration,  measurements  could  only  be 
performed  with  the  NWDC  in  the  fiber  optics  configuration.  For  this 
reason,  the  observations  on  Circuits  4 and  5 cannot  be  considered  in 
a comparison  of  fiber  optics  versus  wires,  and  only  serve  to  establish 
the  level  of  transient  interference  in  these  circuits. 

The  transients  observed  within  the  electro-optical  circuits  were 
very  low  (less  than  20  millivolts  peak)  and  only  twice  the  amplitude  of 
the  measurement  system  noise.  Therefore,  these  circuits  do  not  appear  to 
be  receiving  large  amounts  of  transient  energy.  The  magnitude  and  frequen- 
cy content  of  the  signals  observed  were  very  similar  to  those  observed  on 
the  data  circuits  with  the  system  in  the  fiber  optics  configuration. 
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APPENDIX  A 


BASIC  Language  Software  Listing 

The  following  program  is  written  in  WDI  TEK  BASIC,  the  program- 
ming language  used  with  the  Tektronix  Transient  Digitizer  system. 

It  is  included  for  reference  purposes  for  those  familiar  with  the 
language. 
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